Advantages of the Unmanned Helicopter are simple structure, powerful flight capability, great flexibility, resulting in promising prospects and wide applications in both military and civilian fields all over the world. Whether an Unmanned Helicopter is of one single rotor or multiple rotors, the swashplate performance plays a key role in the rotor operation. A novel swashplate actuator is designed in this paper, with two ways of position feedback, namely, the LVDT feedback in the output end and the encoder feedback in the motor end. The hardware design and software design is introduced in details. The swashplate actuator designed is highly stable and relatively reliable. Ground tests prove the swashplate actuator is feasible and its performance satisfies the Unmanned Helicopter requirement.
Introduction
Unmanned Helicopter has advantages of UAV and helicopter at the same time. It features great flight capability, such as vertical take-off and landing, hovering in the air, and flying in all direction, which cannot be accomplished by fixed-wing UAV. The structure of Unmanned Helicopter is simple, leading to few restrictions on landing and take-off. It can complete flight missions successfully at various speeds and under different flight routes [1, 2] .
With its high flexibility, Unmanned Helicopter can carry out all kinds of integrated tasks in complex and changeable environment, thus saving people's work. Its performance is superior to performance of the manned helicopter in no casualties, good stealth, small size and high survival ability on the battlefield. Therefore, the Unmanned Helicopter is widely applied all over the world in different fields [3] . As for the military field, on one hand, Unmanned Helicopter can be used for low-altitude reconnaissance, electronic jamming and other tasks. Not only can it only reduce casualties in the reconnaissance process, but also it greatly improves the combat efficiency. On the other hand, Unmanned Helicopter works for target indication as well as detection of chemical and biological weapons. As for the civilian field, Unmanned Helicopter helps a lot in communication relay, environmental research, monitoring and support of natural disasters. Moreover, there are promising market and application prospects in border patrol, drug embargo, agricultural survey and urban surveillance [4] .
According to the ways how the rotor counters torque, Unmanned Helicopter can be divided into two kinds, namely, the single rotor Unmanned Helicopter and the multi-rotor Unmanned Helicopter [5] . Among them, the single rotor one has a single rotor and the tail rotor, while the multi-rotor one exists in the form of coaxial twin-propeller helicopter, longitudinal twin-propeller helicopter and horizontal twin-propeller helicopter. Whether an Unmanned Helicopter is of one single rotor or multiple rotors, the swashplate performance plays a key role in the rotor operation. In this paper, a novel swashplate actuator is designed for unmanned helicopter. Instead of the tranditional rotary actuator, this actuator is linear. There are two position feedback in this actuator. The main one is the absolute encoder mounted in the motor end, and the auxiliary one is the LVDT mounted in the output end.
Hardware Design of the Actuator Controller
The hardware design of the swashplate actuator is complex and therefore it is presented in the following contents one circuit by one circuit. There are the power circuit, the control circuit, the communication circuit, the feedback process circuit and the drive circuit. Power supply is provided by the power circuit. The digital control is performed by the control circuit. The communication with other peripherals is conducted by the communication circuit. The encoder feedback circuit and LVDT feedback circuit constitute the feedback circuit. The motor rotates with the help of the drive circuit.
Power Circuit
As shown in Fig. 1 , the power supply needed for different parts of the hardware circuit is generated. Right after a EMI filter, the +28V power is filtered for better EMI performance and serves as the power source of the 3-phase MOSEFET bridge. And then it is sent to various regulators and converters as input of the secondary power. +12VP is transformed by the step-down regulator from +28V for the 3-phase BLDC controller. And the linear regulator produces +5VP for the optocoupler from +12VP. The converter 1 is an isolated converter, output of which is the positive and negative 12V.  12VA is used for the operational amplifier and the LVDT. Converter 2 transforms +28V into +5V, which offers power supply for the communication circuit. +3.3V and +1.2V are obtained by two LDO, serving as the power source of DSP and FPGA. 
Control Circuit
As shown in Fig. 2 , DSP and FPGA is the core of the control circuit. They work together to conduct the digital control. Meanwhile, DSP and FPGA performs its own function respectively. The funtion modules used in DSP are SCI, CAP, I2C, SPI and PWM. SCI module connects the RS485 transceiver in order to report the actuator position and status back to the flight mission computer; CAP module captures the pulse width of PWM signal generated by the flight mission computer, and calculates its corresponding command position; I2C module connects an EEPROM to record the certain system parameters; SPI module connects an AD converter to acquire the actuator feedback position provided by the LVDT which is mounted in the output end of the actuator; PWM module produces the PWM signal to the BLDC controller and along with the motor direction signal, the motor is rotated. FPGA mainly acquires the information of the absolute encoder which is mounted in the motor end and also provides the actuator feedback position. FPGA and DSP communicate with each other through a self-defined communication bus, thus the encoder feedback position can be read by DSP in real time.
Communication Circuit
Thanks to its advantages such as long transmission distance, fast transmission speed and multipoint communication, RS485 is selected as the feedback communication between the swashplate actuator and the flight mission computer. As shown in Fig. 3 , the RS485 transceiver is a fully integrated signal and power isolated data transceiver. In this way, the anti-interference ability is enhanced. It has current limiting and thermal shutdown features to protect against output short circuits and situations where bus contention may cause excessive power dissipation. The transceiver can satisfy the requirement of fast communication with data transmission rate up to 16 Mbps. The transceiver is suitable for 3.3V operation, so it can directly connect to DSP without any level shift. 
Feedback Process Circuit
The swashplate actuator is made up of two position sensors, namely, the LVDT and the absolute encoder. The LVDT is mounted in the output end of the actuator, while the absolute encoder is mounted in the motor end of the actuator. The rotatory encoder feedback serves as the main feedback and the linear LVDT feedback serves as the auxiliary feedback.
The Unmanned Helicopter works in high complex environment, with pretty strong vibration. For better anti-vibration ability, the non-contact LVDT sensor instead of the linear potentiometer is selected and mounted in the output end of the actuator. As for the encoder used in this design, it is an absolute encoder. It features high precision and great flexibility. The encoder incorporates multiple revolutions and steps. It communicates with FPGA via SSI communication protocol. And also, the rotation direction and electronic zeroing can be set easily with high or low level in certain hardware interfaces. The encoder has to be powered by +5V, so the I/O encoder level is +5V. For the FPGA I/O level is only +3.3V, dual-direction level shifts are needed between the encoder and FPGA. In SSI communication, the clock signal is the input of the encoder and the data signal is the output of the encoder, both of which are differential. Under this circumstance, a RS422 transceiver is an ideal choice, as shown in Fig. 4 . As shown in Fig. 5 , LVDT signal conditioner is used in conjunction with the LVDT to convert the transducer mechanical position to a bipolar DC voltage with high degree of accuracy and repeatability. Only by adding a few external passive components to set frequency and gain, can it convert the raw LVDT secondary output to a scaled DC signal, which has to be amplified by a rail to rail operation amplifier before entering the AD converter. The amplifier output is filtered and amplitude constraint is conducted for protection of the AD converter. In order to acquire the bipolar output of the LVDT signal conditioner, an AD converter which can process bipolar input is essential. The AD converter can tolerate +3.3V I/O level. So it can directly connect to DSP via the SPI module. 
Drive Circuit
As shown in Fig. 6 , the drive circuit includes the BLDC controller, the 3-phase MOSFET bridge and the current limit and sensing circuit comprises the drive circuit. After the optocoupler, the PWM control signal and direction control signal from DSP serves as the input of the BLDC controller. The BLDC controller drives the 3-phase bridge made up of power MOSFET, thus reducing power consumption and improving drive ability. There is an internal fixed-frequency PWM current control circuit in the BLDC controller to regulate the maximum current. The actuator is required to limit its peak current when the system is powered up, which can be done by an external sensing regulator and certain reference voltage. At the same time, there is the current sensing circuit to detect the actuator current and monitor the actuator status. 
Software Design of the Actuator Controller
As for the software design, there are two parts in it, which are the DSP software design and the FPGA software design. The DSP software helps to conduct actuator control and communicate with different peripherals. And the FPGA software acquires the encoder feedback via SSI communication and sends the information back to DSP. As shown in DSP in Fig. 7 , DSP software consists of the main program and the interrupt subprogram. The main program first completes initiation of different function modules used in this design, such as SCI, CAP, I2C, SPI and PWM. It also initiates the timer in DSP to provide the time reference for certain software function and different interupt vectors of the interrupt subuprogram. And then it enters the infinite loop, waiting for the interrupt subprogram triggered. The interrupt subprogram conducts complex algorithm, communication and control in real time. FPGA communicates with DSP by a self-defined communication bus. There is the enable bit, 8-bit data bus and 4-bit address bus. And the FPGA software ware conducts the communication between DSP and FPGA. In the meanwhile, the sequential logic of SSI communication between FPGA and the absolute encoder is completed in the FPGA software. 
Conclusion
Unmanned Helicopter is becoming more and more popular in the modern world, and it is widely applied in all kinds of fields. As for how the rotor counters torque, there are two kinds of Unmanned Helicopters, namely, the single rotor one and the multi-rotor one. No matter how many rotors the Unmanned Helicopter has, the swashplate actuator is of high significance. In this paper, a novel swashplate actuator is designed, a linear actuator substituting for by the traditional rotatory actuator. The swashplate actuator designed is highly stable and relatively reliable. Ground tests prove the swashplate actuator is feasible and its performance satisfies the Unmanned Helicopter requirement. It is ready for more complex tests. Later, it will be mounted in one Unmanned Helicopter designed by another research group to test its flight performance.
